
HAL Id: hal-03151495
https://hal.science/hal-03151495

Submitted on 2 Mar 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

High resolution frequency standard dissemination via
optical fiber metropolitan network

F Narbonneau, M Lours, S Bize, A Clairon, G Santarelli, O Lopez, Ch
Daussy, Anne Amy-Klein, Ch Chardonnet

To cite this version:
F Narbonneau, M Lours, S Bize, A Clairon, G Santarelli, et al.. High resolution frequency stan-
dard dissemination via optical fiber metropolitan network. Review of Scientific Instruments, 2006,
�10.1063/1.2205155��. �hal-03151495�

https://hal.science/hal-03151495
https://hal.archives-ouvertes.fr


ar
X

iv
:p

hy
si

cs
/0

60
31

25
 v

1 
  1

5 
M

ar
 2

00
6

High Resolution Frequeny Standard Dissemination via Optial FibreMetropolitan NetworkF. Narbonneau, M. Lours, S. Bize, A. Clairon, and G. SantarelliLNE-SYRTE, Observatoire de Paris, 61 Avenue de l'Observatoire, 75014 Paris, FraneO. Lopez, Ch. Daussy, A. Amy-Klein, and Ch. ChardonnetLaboratoire de Physique des Lasers, Université Paris XIII, Villetaneuse, FraneWe present in this paper results on a new dissemination system of ultra-stable referene signalat 100 MHz on a standard �bre network. The 100 MHz signal is simply transferred by amplitudemodulation of an optial arrier. Two di�erent approahes for ompensating the noise introduedby the link have been implemented. The limits of the two systems are analyzed and several solutionsuggested in order to improve the frequeny stability and to further extend the distribution dis-tane. Nevertheless, our system is a good tool for the best old atom fountains omparison betweenlaboratories, up to 100 km, with a relative frequeny resolution of 10−14 at one seond integrationtime and 10−17 for one day of measurement. The distribution system may be upgraded to ful�ll thestringent distribution requirements for the future optial loks.I. INTRODUCTIONUltra-stable frequeny and time soures play an im-portant role in many modern Time and Frequenymetrology and fundamental physis appliations (lokevaluation, relativity tests, fundamental onstants test...)(e.g. [1℄, [2℄, [3℄, [4℄). In the �eld of partilesphysis, modern large linear aelerators require RFdistribution system with minimal phase drifts and er-rors for the neutrons and positrons generation [5℄. Inradio-astronomy, e.g. in the ase of the ALMA (At-aama Large Millimetri Array) projet or for VLBI(Very Long Baseline Interferometry), the ombinationof high frequeny and long baselines of the interfer-ometer needs the distribution of a loal osillator withlow phase noise and low phase drift through the ar-ray [6℄, [7℄. For the Deep Spae Network (DSN), theJet Propulsion Laboratory (JPL) has developed a �brelink to distribute referene signals from an H-Maser tosynhronize eah antenna of the DSN [8℄, [9℄.Modern old atoms frequeny standards in the mi-rowave domain have already demonstrated an au-ray in the 10−15 range with the potential to reahthe 10−16 level or better. Frequeny stabilities, de-�ned by the Allan standard Deviation (ADEV), areommonly of 10−13 τ−
1

2 for suh standards and a few10−14 τ−
1

2 have been demonstrated using more ad-vaned tehniques [10℄. Cold atom optial loks havethe potential to reah the 10−17 auray level [11℄,[12℄, [13℄, [14℄. The emergene of modern mirowave-to-optial synthesizers based on mode-loked femtose-ond lasers allows high resolution omparisons betweenmirowave and optial loks [15℄, [16℄, [17℄. Cloksomparisons are urrently performed by satellite, as forexample GPS or TWSTFT (Two-Way Satellite Timeand Frequeny Transfer. Measurements are limited bythe transmission system to about 10−15 at one day av-eraging time [18℄. Theses methods are thus insu�ientfor measuring the ultimate performane of a mirowaveor an optial standard (Fig. 1).Upgrades of the orbital equipments are expetableto improve the urrent performane, but are quite
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Figure 1: Allan deviation of some frequeny standardsomplex and expensive. Moreover, the two previoussystems deliver only a synhronization signal not al-lowing diret short-term stability omparisons. Thenfor muh of appliations a referene signal is needed.Hene, the opportunity to ompare mirowave and op-tial loks by the development of a new type of aground frequeny dissemination by optial �bre seemsappropriate, even when the laboratories are separatedby 100 km [19℄, [20℄, [21℄. One an indeed take advan-tage of both the low attenuation and low dispersionin the �bre, whih allow reahing long distane fre-queny transfer by maintaining a good signal-to-noiseratio (SNR).Moreover the aess to an ultra-stable frequeny refer-ene for a large number of laboratories open the wayto perform new experiments in fundamental physis.The development and operation of a state-of-the-artfrequeny standard remain a strong limitation and anbe overome by a �bre distribution system onnetingTime and Frequeny Metrology laboratories to users.The simplest way to develop a �bre distribution is touse the redundany of the teleom network. In this pa-



2per, we present the transfer of high frequeny stabilitysignal at 100 MHz, by using the existing teleommuni-ation �bre network, over a few tens kilometers, withompensation of the phase noise introdued by the link.II. PRINCIPLE AND OBJECTIVEThe goal of the dissemination is the distribution of areferene signal at a frequeny of 100 MHz, synthesizedfrom a frequeny standard, by amplitude modulationof an optial arrier, without degradation of the phasenoise of the distributed signal. The referene signalmodulates the bias urrent of a DFB laser diode, at1.55 µm, whih is transmitted through a �bre optiallink to users. At the link extremity, a photodiodedetets the amplitude modulation and onverts theoptial signal to a radio-frequeny signal osillating atthe referene frequeny and phase oherent with themirowave referene soure.The high stability and low phase noise of the trans-ferred signal are degraded by the residual phase noiseof the optial link and by the attenuation in the�bre. We operate in urban environment by usingthe existing teleom network. Thus, �bre layout andinstallation aspets are not ideal and the stabilityof the optial link an be a�eted by environmentale�ets. Optial length of the �bre is modi�ed bymehanial stresses and temperature �utuations. The�rst one a�ets phase noise and short-term frequenystability performanes of the transmitted signal. Theseond e�et, is a slowly hanging phenomenon andhas an impat on the long-term stability.These instabilities have been studied on two optiallinks using the dense Frane Teleom network andonneting LNE-SYRTE to Laboratoire de Physiquedes Lasers (LPL) (about 43 km), and LNE-SYRTEwith Laboratoire Kastler Brossel (LKB - UniversityParis VI) (about 3 km).
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Figure 2: Frequeny stability measurements of the LNE-SYRTE/LPL and LNE-SYRTE/LKB optial linksMeasurements, realized at di�erent periods, are pre-

sented in �gure 2 and show non-stationary e�ets de-pending on the ativities around the link. Periodie�ets as daily temperature variations appears as abump at the half period, on the ADEV. The frequenyinstabilities related to a sinusoidal temperature pertur-bations an be alulated from the equation (1):
σy(τ) = ∆T ×

TCD × n × L

c
×

sin2(πτν0)

τ
(1)with ∆T the amplitude of the temperature �utuation[◦C℄, TCD the thermal oe�ient of delay [ppm/◦C℄of the optial �bre (typially 7 ppm/◦C for standardteleom SMF28 �bre), n the �bre ore index, L theoptial link length [km℄, c the light veloity in vauum[3 × 108 m/s℄, ν0 the perturbation frequeny [Hz℄, and

τ the averaging time [s℄. For example, if we onsider asinusoidal perturbation of 0.2◦C with a period of 1000sdue to air onditioning and ating on a setion of 50meters of the optial link, the ADEV of the link ouldbe limited to about 7x10−16 at 500 s integration time.In the same way, a daily 0.5◦C temperature variationon 43 kilometers of optial �bre is onverted into aninstability of the order of 1.3x10−14 at 43200 s averag-ing time.Consequently, the distribution system needs an ativeontrol loop to ompensate for these phase variationsindued on the signal transmitted through the link re-lated to the environment (mehanial vibrations, tem-perature �utuations ...).The objetive of the dissemination being lok om-parisons or delivery of a referene signal oming froman H-Maser or a Cryogeni Sapphire Osillator (CSO),the ompensation set-up must introdue a phase noiselower than the referene signal. In this perspetive wehave to develop a system whih delivers a referene sig-nal at 100 MHz, showing a relative frequeny stability
σy(τ) ≤ 2.10−14 [τ = 1s℄ (< 10−16 � 1d), that impliesa residual �iker phase noise of -120 dBrad2/Hz at 1Hz and a white phase noise �oor with a level of -140dBrad2/Hz.III. ACTIVE PHASE FLUCTUATIONSCOMPENSATION SYSTEMA. PresentationThe priniple of the phase �utuations ompensa-tion, is displayed in �gure 3. At the link extremity,the deteted signal an not be diretly ompared tothe referene signal and thus the orretion of thephase perturbations an be only arried out at thelink emission. A two-way distribution, using the sameoptial �bre link, allows determination of the phaseperturbation aumulated along a full round trip withthe hypothesis that the forward and the bakwardsignals are orrupted by the same perturbation. Theompensation rests then on the measurement of thephase of the signal after one round trip to apply aorretion on the emitted signal.
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Figure 3: Shemati of the phase �utuations ompensationThe referene signal at the frequeny fref = ωref/2πis used for modulating a laser diode. The amplitudemodulated signal is then orreted by a phase term
φc. This orretion term is provided either by phaseshifting the RF modulating signal or by modifying thepropagation delay in the �bre. At the user-end, thesignal orrupted by the environmental perturbationsis deteted:

VRF deteted(t) ∝ sin(ωref t + φref + φc + φp) (2)This signal is split in two signals: one part for theuser appliations and the other to be re-injeted viaan optial irulator in the same optial �bre. Afterone round-trip, the signal, twie orrupted by the term
φp is deteted. A RF proess allows generation of anerror signal, applied to the phase orretor. Two di�er-ent laser soures, operating at slightly di�erent wave-lengths, are used for generating the forward and thebakward optial signals and optial add/drop fun-tions are realized with optial irulators.Di�erent approahes of phase ompensation have beenstudied and are desribed here.B. Eletroni phase �utuations ompensatorIn the ase of an eletroni phase �utuations om-pensator (f �g. 4), the orretion is performed byating on the phase of the injeted signal in the optiallink, that we all φinput.
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r  fFigure 4: Simpli�ed shemati of the phase onjugatorWe de�ne by φr the phase of the round-trip signal,and φoutputthe phase of the deteted signal at the user-

end, equal to:
φoutput(t) = φinput(t − τ) +

∫ t

t−τ

φp(ξ)dξ (3)where τ is the propagation delay in the optial�bre link and φp(ξ) is the distributed phase per-turbation along the �bre. The main e�et of thedelay τ is to limit the loop bandwidth. In the fol-lowing disussion, we neglet the in�uene of the delay.The output signal must be phase oherent with thereferene soure of frequeny ωref and on average ofphase φref , and thus the orretion applied to theemitted signal must be equal to the opposite of thephase perturbation φp. Consequently, on average (orfor time muh longer than τ) the phase of the inputsignal, φinput is:
φinput = φref − φp (4)Then, the phase of the round-trip signal beomes:

φr = φinput + 2 × φp

= φref + φpThe phase oherene of the output signal is hene im-posed by maintaining a onjugation relationship be-tween the input and the round trip signal of the optiallink:
(φinput − φref) = −(φr − φref) (5)A simpli�ed sheme of the phase onjugator is shownin �gure 4. The orretion is performed with a phaseshifter in series with the referene signal, whih isused as the input signal. The referene signal is powerdivided to drive two phase detetors. Phase detetionbetween the referene signal, the input orretedsignal and the round-trip signal, allow generation oftwo baseband signals, onneted to the inputs of alow noise di�erential ampli�er. The output of thisampli�er is used for driving a loop �lter, ontrollingthe eletroni phase shifter until the phase onjuga-tion, and thus a zero level at the ampli�er output isreahed. Although the simpliity of operation, thissystem su�ers from various drawbaks. First, thephase orretion is limited by the dynami of thephase shifter. Eletroni phase shifters have a typialdynami of 180 degrees with a non linear response,induing variable insertion losses. Moreover the phaseshifter an present a phase noise exess, omparedto the other omponents of the phase onjugator.Seondly, phase detetors are quite sensitive to thedriving levels and it is di�ult to ensure the samesensitivity for the two detetors of �gure 4.The pratial realization leads to a very poor e�etivesystem of the phase perturbations anellation. Anew sheme, regarding the previous onsiderationsand introdued by the JPL [22℄ is shown in �gure 5.Two symmetrial signals are produed by frequenyshift (fshift) of the referene signal (f±=fref ± fshift).
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Figure 5: Blok diagram of the full eletroni ompensationsystemThis sheme allows replaement of the double phasemeasurements (Fig. 4) by a muh more aurate dou-ble frequeny mixing and a single phase measurement.The dynami and the linearity of the phase orretionis improved by using a voltage ontrolled quartz osil-lator (VCXO), as a phase shifter, delivering a signal atthe referene frequeny with a stable amplitude. TheVCXO presents thus the advantage to orret all phaseperturbation in the orretion bandwidth of the phaseompensator, whih is limited by the round-trip prop-agation delay in the optial link (about 0.3 ms in thease of the 43-km LNE-SYRTE to LPL optial link).The 100 MHz output signal of the VCXO modulatesthe bias urrent of the DFB laser diode. The optialsignal is launhed in the optial �bre link to the user.At the user end, a simple system allows detetion andregeneration of the bakward signal. The deteted sig-nal after a one-way distribution is proportional to:
VUser end(t) ∝ sin(ωos × t + φos + φp) (6)The bakward optial signal is submitted to the samephase perturbation and after one omplete round-trip,the deteted signal has the following form:

Vround trip(t) ∝ sin(ωos × t + φos + 2 × φp) (7)The servo loop fores the VCXO at 100MHz both to bephase oherent with the referene soure and to om-pensate for the phase perturbation. For obtaining thephase onjugation, two signals separated by 10 MHzaround the referene frequeny (one at 90 MHz and theother at 110 MHz) are produed by frequeny mixingbetween the referene signal and itself frequeny di-vided by ten. Two di�erent systems, based on PLL(Phase Lok Loop) are used for �ltering eah signalissue from the previous frequeny mixing. The signal,from the "down onversion", at 90 MHz, is mixed withthe modulating signal, delivered by the VCXO, to ob-tain a signal at 10 MHz:
V1(t) ∝ sin((ωos − 2 π × 90 MHz)× t + φos − 9

10
φref)(8)In parallel, the signal at 110 MHz is mixed with theround-trip signal, produing another signal at 10 MHz:

V2(t) ∝ sin((2 π×110 MHz−ωos)×t+
11

10
φref−φos−2φp)(9)The phase omparison at 10 MHz allows generation ofa base-band signal, ontaining the three phase terms:

Verror(t) ∝ φos + φp − φref (10)

whih is anelled in normal operation. The phase ofthe VCXO is then:
φos = φref − φp (11)By this proess, the stability and the auray of thereferene soure is transmitted to the user end in thesystem bandwidth.The apaity of the phase ompensator to rejet phaseperturbations in the ontrol bandwidth is de�ned bythe rejetion fator, equal to the ratio between thephase variations in open and in losed loop. The per-formane of the distribution system depend both of theintrinsi system phase noise and of the rejetion fator.

Figure 6: Blok diagram of the ompensation system testbenhFigure 6 displays the set-up used for the harater-ization of the phase onjugator. Simulation of phaseperturbations are realized by periodially heating a2.5-km �bre spool with an amplitude of 4◦C and aperiod of about 4000 s. This perturbation indues aphase modulation of the order of 200 mrad on the100-MHz transmitted signal. In operation, whenthe phase onjugator is ativated, the residual phasemodulation measured at the link output is redued to0.4 mrad (f. �gure 7), that implies a rejetion fatorof the phase perturbations along the link of about 500(53 dB).
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5Moreover, the omplete distribution system inlud-ing the phase onjugator shows a �iker phase noisewith a level of -123 dBrad2 at 1 Hz and a white noise�oor below -140 dBrad2/Hz (Fig. 8). This ensuresthe possibility to transfer metrologial signal with afrequeny stability σy(τ) below than 1×10−14 at 1seond averaging time.
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Figure 9: Shemati of the optoeletroni system for phase�utuations ompensationFor inreasing isolation between the two ways of thedistribution system, two di�erent modulation frequen-ies are used: 1 GHz for the emission and 100 MHzfor the return way. Consequently, a 1-GHz signal must

be generated from the referene 100-MHz signal by afrequeny synthesizer. The optial signal is distributedin the �bre link through the optial ompensator andthus orreted. At the user-end, the deteted signalhas the following form:
Vuser ∝ sin(2 π×1 GHz× t+10×φref+φ′orretion+φ′

p)(12)where φ′orretion and φ′
p are respetively the orretionterm and the perturbation applied to the transmittedsignal at 1 GHz.A seond frequeny synthesis hain allows deliveringa signal at 100 MHz from the 1-GHz deteted signal.This signal is used for modulating a seond laser diodeto produe the bakward optial signal. This signalis orrupted by the same perturbation and also or-reted. After one round trip, we detet a 100 MHzsignal proportional to:

Vround trip ∝ sin(2 π×100 MHz×t+φref+2×(φorretion+φp))(13)with:
φorretion =

φ′orretion
10

and
φp =

φ′
p

10The phase omparison between the referene signal at100 MHz and the round-trip signal leads to generationof a baseband error signal:
Verror ∝ φorretion + φp (14)whih is applied to a loop �lter to drive the optialphase orretor. This orretor is omposed of two sub-systems. Fast and small phase �utuations (mehani-al vibrations, fast temperature variations indued byair onditioning eg.) are orreted by hanging thelength of a portion of optial �bre with a piezo-eletriatuator. A 15-meter optial �bre is wrapped arounda 5-m diameter PZT of about 10 µm variation under1 kV voltage, and is mehanially strethed, allowingorretion up to about 15 ps or 10 mrad at 100 MHz,in a bandwidth of a few hundreds Hz.Slow and large perturbation are ompensated by heat-ing a 1-km �bre spool introdued along the link (≃ 40ps/◦C or 25 mrad/◦C at 100 MHz).For the laboratory tests, a �bre strether and an heat-ing system are plaed along a laboratory link of a fewkilometers to generate fast and slow phase perturba-tions. By this way, a temperature step of 10 ◦C isrealized on a 1-km �bre spool, and the phase shift in-dued on the deteted signal and measured in open andlosed loop is reported in Fig. 10. Rejetion fator ofabout 750 for slow phase perturbations is shown.In ontrast, only 20-25 dB attenuation (Fig. 11)are observed on intentionally produed small and fastperturbations. The gain of the orretion is limited byparasiti phase shifts generated by Polarization De-pendent Losses (PDL) under mehanial stress of the�bre. The mehanial stress a�ets the geometry ofthe �bre whih beomes birefringent. Thus the polar-ization of the transmitted beam hanges and leads to
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an amplitude modulation (AM) of the deteted signalon the tilted photodiode. AM is diretly onvertedinto PM (Phase modulation) and deteted as a phaseperturbation term whih is ompensated by the phaseompensator. Corretions of phase perturbationsare orrupted by this parasiti phenomena and theperformane of the system is then degraded. PDL isonly related to the optial signal and independent ofthe modulation frequeny. By upgrading the system tohigher operation modulation frequenies, this problemould be redued proportionally to the frequeny.
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Figure 11: Measurements of the PZT phase noise redution:Open loop phase noise measurement intentionally degraded(A) to show the rejetion due to the PZT orretor (B)

IV. CHARACTERIZATION OF THE TWODIFFERENT SYSTEMS IN A FULLDIRECTIONAL LINKA. Set upA full bidiretional ompensated optial link (2×43km) has been ahieved by using the two �bres ofthe LNE-SYRTE to LPL link and by implementingthe two previous ompensation systems. This link isomposed of various setions of buried optial ablesof the Frane Teleom metropolitan network. Theontinuity of eah optial �bre of 43 km is ensured byoptial spliing and a global attenuation of 12 dB oneah �bre is measured.The low phase noise 100-MHz loal osillator ofLNE-SYRTE is transferred to LPL by using one of thetwo �bres of the link, and is phase ompensated bythe phase onjugator. At LPL, a signal phase oherentwith the LNE-SYRTE loal osillator is detetedand used as the input referene signal for the seondoptial link, onneting bak LPL to LNE-SYRTE viathe seond 43-km �bre. The optoeletroni systemis installed on this link to ompensate for the phaseperturbations.At LNE-SYRTE, we ompare the phase detetedsignal oming from LPL with the loal osillatorfor haraterizing the two dissemination systems.The use of two di�erent systems allows systematistudies related to one of the two ompensators, andthus allows to have a full haraterization of thedistribution system.
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Figure 12: Frequeny stability of the omplete 86-km dis-tribution in open and losed loopFigure 12 shows frequeny stability measurementsof the full bidiretional link (2×43 km) between LNE-SYRTE and LPL. A frational frequeny stability of10−17 at one day and 1.2×10−14 at one seond aver-aging time is obtained. These values of ADEV arealulated from the phase data measured on the linkand �ltered with a low-pass �lter of 3 Hz.



7B. Diret appliation of the LNE-SYRTE to LPLoptial linkThis link has been used to ompare an optial fre-queny standard against an ultra-stable mirowave os-illator, separated by a 43 km �bre link.The optial standard is a CO2 laser stabilized on anOsO4 moleular absorption operating in the infrareddomain, at 30 THz [23℄. At LNE-SYRTE, a 100-MHzsignal is synthezised from the signal of a CryogeniSapphire Osillator at 12 GHz, weakly phase lokedon the signal of an H-MASER [24℄.A femtoseond laser frequeny omb allows the optialto mirowave omparison and we demonstrate a reso-lution of 3×10−14 at one seond integration time [25℄.C. Systems limitationsAs shown in �gure 12, the frequeny stability inlosed loop is better than the open loop for all inte-gration times, between 1 s and 1 day.The short-term stability is mainly limited by the SNRat the detetion, degraded by three ontributions: theintrinsi noise of the distribution system, the optialattenuation in the �bre and the stimulated Brillouinsattering (SBS). Optial losses an be overome by in-jeting powerful signals in the �bre, up to the Brillouingeneration in order to avoid any laser soure depletion.The diret amplitude modulation of the DFB bias ur-rent indues a broadening of the optial spetrum witha distribution of the energy within this spetrum andthus allows inreasing the injeted power level. TheSBS leads also to a sattered wave deteted as a whitephase noise exess around the RF arrier with a fewtens MHz width. This an be easily redued by addi-tional �bre Bragg grating �lters (FBG), used in dete-tion. The optoeletroni phase ompensator, operatingwith two di�erent modulation frequenies, separatedby more than the Brillouin bandwidth, is less sensitiveto this phenomenon.In spite of its omplexity, the phase onjugator presentsa better phase noise ensuring thus a better short-termperformane. The noise of the optoeletroni systemis mainly degraded by additive amplitude noise, gener-ated by the PZT orretor. One solution for improvingthe phase noise of eah dissemination system is thento move to a higher operation RF frequeny as 1 GHz.The long-term frequeny stability is mainly limited bythe phase onjugator whih presents a rejetion fatorof only a few hundreds. Two main phenomena degradethe performane of the phase onjugator. Coherentleakage signals of 90 MHz and 110 MHz may indueparasiti phase shifts. The seond limitation omesfrom optial feedbak due to re�etions of optial on-netors or optial spliing along the link. A parasitisignal with an undetermined phase, varying in time,is thus deteted and may be non-negligible omparedto the main deteted signal. At the detetion, the ra-tio between the main signal and the parasiti signal is

proportional to:
10−α(L−2LR)

Rwhere α is the optial attenuation in the �bre [dB/km℄,
R is the power re�etion oe�ient, and LR [km℄ and
L [km℄ are respetively the re�etion distane and thelink lengh.To ensure a su�ient ompensation of the phase �u-tuations introdued by the link, all parasiti noisesshould be 60 dB under the the deteted signal. Suhlevel ould be reahed by shifting the modulation fre-queny of the bakward signal or by adding optial�lters.Finally, we are also onfronted by a polarization ef-fet, PMD (Polarization Mode Dispersion), whih aredeteted as a hromati dispersion with a random oef-�ient, leading to a random propagation delay on eahway of the dissemination. Due to PMD, the priniple ofthe ompensation, based on the measurement of twiethe perturbation after one round trip is not valid anymore. One solution is the polarization srambling ofthe injeted optial signal, faster than the loop band-width.V. CONCLUSION & PERSPECTIVESWe have demonstrated for the �rst time the long-distane transfer of both short-term and long-term fre-queny stability of frequeny standards, with low phasenoise via teleom optial �bres. A stability of a few10−14 at one seond and 10−17 for one day integrationhas been obtained on an optial link of 86 km.In this way, we are able to ompare two distant fre-queny standards operating in the mirowave domain(CSO) and in the infrared domain (stabilized CO2laser) with a resolution of 3×10−14 at 1 s.The eletroni phase onjugator presents the advan-tage to have an in�nite dynami allowing ompensa-tion of all phase perturbations, with a bandwidth lim-ited by the round trip delay in the optial link. Witha better phase noise, this setup shows a good reje-tion fator for the short-term but is limited to a fewhundreds for the long-term. Even if, the user end ofthe dissemination system is really simple, the systemremains omplex. In ontrast, despite its relative sim-pliity, the optoeletroni ompensator shows a lim-ited short-term rejetion fator due to PMD and PDL,but a better long-term rejetion, than the one ahievedwith the eletroni ompensation setup.We intend to improve these results by one order ofmagnitude by upgrading both dissemination setups.Moving to a modulation frequeny of 1 GHz shouldimprove the intrinsi noise of eah system. Additionalpolarization sramblers should help to redue polar-ization e�ets and amplitude noise aused by the PZTorretor. We also plan to modify the phase onjugatorby frequeny shifting the bakward signal to suppressthe e�et of the optial feed-bak and high-order prod-uts in frequeny mixers, and to use of optial �ltersat the same time.
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